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We present the results of a search for globular clusters in the surroundings of 15 low surface brightness
dwarf galaxies belonging to the Fornax Cluster, which was carried out on CCD images obtained with the C
and T1 filters of the Washington photometric system. The globular cluster candidates show an extended and
probably bimodal (C − T1) color distribution, which is inconsistent with the presence of a single population
of metal-poor clusters detected in several dwarf galaxies. The surface number density of these candidates
shows no concentration towards the respective dwarf galaxies, in whose outskirts they have been identified.
On the contrary, if we split the candidates in two groups according to their projected distances to the center
of the Fornax Cluster, those located closer to the center show a higher projected density than those located
farther from it. These results suggest that the potential globular clusters might not be bound to the dwarf
galaxies. Alternatively, these globulars could form part of the very peripheral regions of NGC 1399 (the
central galaxy of the Fornax Cluster) or even belong to the intracluster medium.
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Introduction
The Fornax Cluster is an excellent target for studying globular clusters: it is very rich, contains different
types of galaxies and the globular cluster candidates can be detected at least as unresolved sources. There are
numerous photometric studies of globular cluster systems in selected Fornax galaxies, particularly the central
one NGC 1399 as well as other early-type galaxies. Most of these studies show that the color distribution of
the globular clusters is bimodal due to the presence of two globular cluster populations, “red” and “blue”;
these integrated colors are mainly driven by metallicity in objects as old as these ones.
With regard to the globular cluster system of NGC 1399, the Washington photometry by ost93 confirmed
the existence of a color gradient that had been detected earlier by bri91, and suggested that the color
distribution was multimodal, as was also supported by the V,I photometry by kis97. The HST imaging by
for98 and gri99, and a refined analysis of their previous Washington photometry by ost98, pointed to the
bimodal character of the color distribution. More recently, the wide-field study by di02a,di02b showed that
globular custers with a broad metallicity distribution – that cannot be fitted with a single Gaussian – extend
further than 100 kpc from NGC 1399 center.
There are fewer investigations of globular cluster systems in dwarf galaxies that are not in the Local
Group. Miller and collaborators mi98a,mi98b,mil99,lot01 carried out a survey with images from the Wide
Field Planetary Camera 2 of the Hubble Space Telescope (FOV  6 arcmin2) to analyze the properties of
globular clusters and nuclei of dwarf elliptical galaxies (dEs) in the Fornax and Virgo Clusters and the Leo
Group. They include about 20 dEs from the Fornax Cluster but none of them are in common with the present
work. They show that the globular cluster specific frequency SN (number of globular clusters with respect
to the parent galaxy’s luminosity) of the dEs is in the range 2–6; the luminosity function of the globular
cluster candidates is consistent with a Gaussian with peak at M0V  −7 mag and dispersion σV  1.4 mag
(assuming a distance modulus of 31.4 for the Fornax Cluster); and most of the globular cluster (V − I)
colors are similar to those of the metal-poor globular cluster population [also][]ash93. The globular cluster
system of the luminous dE,N galaxy NGC 3115 DW1 was studied by du96a and puz00 who obtained mean
metallicities [Fe/H ] = −1.2 and −1, respectively, and they both agreed on a specific frequency SN = 4.9.
du96b obtained, on the basis of Washington photometry, a low mean metallicity, [Fe/H ] = −1.45, for the
globular cluster systems of two dE galaxies in the Virgo Cluster and they suggested that the dwarf galaxies
globular cluster systems present a similar range of metallicities ([Fe/H ] = −2 to −1) as globular clusters
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in the halos of spiral galaxies, in agreement with ash93. Turning to the Local Group, min96 constructed
a master-dE galaxy combining the data from globular cluster systems of several dEs in this Group; they
found an old and metal-poor globular cluster population whose metallicity distribution matched the one of
the Milky Way halo globulars.
The abovementioned bimodality in the color distribution of globular clusters in elliptical galaxies, is
closely related to the formation of the globular clusters and a variety of scenarios have been proposed
(for reviews on the subject see, e.g., ash98 or har01). ash92 and zep93 predicted this bimodal metallicity
distribution of globulars in elliptical galaxies as a result of gas-rich mergers; they proposed that the blue
population originally belonged to the progenitor galaxies and the red population formed during the merger.
The numerical simulations from bek02 showed that dissipative mergers create new globular clusters but they
were not able to reproduce properly the bimodal metallicity distribution observed in elliptical galaxies.
A different point of view was exposed, e.g., by for97 who found a correlation between the mean metallicity
of the metal-rich globular clusters and the parent galaxy luminosity, which suggested that they share the same
chemical enrichment process, while the mean metallicity of the metal-poor ones seems to be independent
of the galaxy luminosity. They proposed that the bimodality originated in two phases of globular cluster
formation from gas with different metallicities, and that most of them formed ”in situ”. The HST study
of 17 early-type galaxies by lar01 showed a correlation between the colors of both, blue and red globular
clusters populations, with the B-luminosity and central velocity dispersion of the host galaxy, and concluded
that their observations support globular cluster formation ”in situ”, in the protogalaxy potential well.
Alternatively, for01 analyzed the relation between the mean color of blue and red globulars with the
galaxy velocity dispersion and suggested that red globular clusters share a common origin with the host
galaxy and blue ones seem to have formed quite independently; according to cot98 these blue globular
clusters may have been captured from other galaxies by merger processes or tidal stripping.
The idea of the accretion of dwarf galaxies into the cD halo of NGC 1399, the stripping of their gas
and globular clusters and the formation of new clusters from this gas poses a different origin for the red
globular clusters hil99. bur01 analyzed the blue globular cluster populations from 47 galaxies and found
no correlation between their mean metallicity, which is very similar for all these systems, and the galaxy
properties (luminosity, velocity dispersion, etc); they proposed that the metal-poor globular clusters may
have formed from gas fragments of similar metallicity, as already suggested by ash93, and located within the
dark halo of the galaxy.
More recently, the semianalytic model by bea02 assumed that the metal-poor globular clusters formed
in protogalactic fragments and the metal-rich ones originated in the gas-rich mergers of such fragments that
occurred later.
Assuming the presence of globular clusters inside clusters of galaxies, an alternative scenario is proposed
by whi87 and wes95, who pointed to the possible existence of a population of globular clusters that are not
bound to individual galaxies; instead, they are supposed to move freely in the central regions of the galaxy
clusters. These intracluster globular clusters may be the result of interactions or mergers between the
galaxies, or they may have formed precisely in the environment of a galaxy cluster without any parent
galaxy. The kinematic analysis by min98 and by kis99 also suggested that some globular clusters may be
associated with the gravitational potential of the galaxy cluster and not solely with NGC 1399. On the
other hand, gri99 found no evidence of intergalactic globular clusters in an HST/WFPC image at a radial
distance of about 1 4 from NGC 1399, but due to the small field of view, they were not able to rule out their
existence. Several objections against the intraclusters were raised by har98 who tried to explain by means of
their existence the supposed high specific frequency of M87, the central Virgo galaxy; but the latest values of
SN obtained for NGC 1399 by ost98 and di02b showed that it is not so high (SN = 5.6 and 5.1, respectively).
In favor of the existence of intergalactic material, the97, men97, and cia98 presented evidence for the
presence of intergalactic planetary nebulae within the Fornax and Virgo Clusters, while fer98 reported several
hundred of intracluster red giants in Virgo. Some globular clusters may have been stripped with them from
other cluster galaxies if this is their origin har01.
In this paper, we analyze the characteristics of globular cluster candidates found near dwarf galaxies
in the Fornax Cluster and its connection with the above mentioned scenarios. It is organized as follows:
Section 2 describes the observations and the adopted criteria for the globular cluster candidates’ selection.
In Sect. 3 we analyze the color distribution, luminosity function and spatial distribution of the candidates.
2
Finally, a summary of the results and a discussion on their implications are provided in Sect. 4. Preliminary
results of this work have been presented by bas02.
Observations and globular cluster selection
CCD images of 15 fields centered on low surface brightness (LSB) galaxies in the Fornax Cluster were
obtained (with the original purpose of studying the LSB galaxies, cel94; cel96) with the 0.90-m and 1.50-m
telescopes at CTIO (Chile), during two observing runs in October 1989 and November 1990, and using the C
and T1 filters of the Washington photometric system. The dwarf galaxies are listed in Table T1: the first col-
umn gives their FCC numbers fer89 and the second one gives the respective angular distances from NGC 1399,
which will be considered as the center of the Cluster. The dwarfs are distributed in angular distance from
12 up to 175 from NGC 1399 (see Figure f1); aswewilladoptadistancemodulusof31.35fortheFornaxClusterthroughoutthisp
hence, they have the advantage of being larger than the ones studied by mi98a to search for cluster candi-
dates. However, they are not as deep as the HST images: we identify cluster candidates up to T1  22 mag
while Miller et al. reach V  25 mag (equivalent to T1  24.5 mag, according to the relation between these
magnitudes obtained from gei96 and cel94). For a detailed description of the observations we refer to cel94.
figure* [width=12cm]MS2948f1.ps DSS image of the Fornax Cluster with NGC 1399atthecenter.ThesquaresandtheFCCn
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